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Met hod for the Determ nation of the Activity of the
Organic Cation Transporter The present invention
WO edoe08799® a net hod for determ ning the acti vipgT/@pP200a00497

organi c cation transporter (OCT), a nethod for
determning the activity of or identifying a chem ca
conpound that nodul ates the activity of OCT with the
help of a cell free el ectrophysiological sensor chip
contai ning a solid-supported sensor el ectrode and a

MetHddpfod thea Peterouinatiom pfither Aetiviigbfitbe &rganicrCatien Transporter
i mredi ate spatial vicinity to the sensor el ectrode,
whereas the sensor electrode is electrically insulated

The rp?é@édt\ﬁﬂvéﬁ’tldd"?efé% %'@'ﬁr%thé@cfoﬁ'a@térmhih@ theph6tivigy 6f the organic
as well as to the sensor chip itself Ki t

catlomotraasmm@r é@@é{ ), ahmeibmrfomdﬁﬁrmmm mfh aqtlaﬁmm‘r or jidentifying a

chenalpa n‘éort @ﬂ@a{ﬁgggﬂ&@ﬁtfso hoe ggtnéh/g r?ﬁgtl{&?ri tb%aﬁbﬁsoéfta cell free

elecﬁd&ﬁmﬂbg@éﬁsé%’r‘sdh@rcﬁnrﬂ@hlr@h)/sdh@ts&nmoﬂeddsekﬁlsor electrode and a
targets that allow direct influence on disease-related

lipid dawesrGaataining they AChIlaeatpdtinthe dmmediate spatialr eingy to the sensor
eIecth&é W\létr §' th%bts RQHS erg‘%@é ek 8& ioIIToﬂs‘i{)%ﬁéB relative to the

arget's a OWI ng I ons O ava
solutiprsauséerandto pne drpild adayeﬂ‘r @gswell s @CThdedemsos dhap atself and a kit
superfam |y that includes uniporters, synporters and
Cont%t'ﬁtﬂ%%ﬁmﬁrs such as nul tidrug-resistance proteins,
facilitative diffusion systens and proton anti porters.
They nedi ate transport of small cations with different
The molrerubegarse road:iburtea;népuﬂ’e'pseaddmnoytam nsechanisranfdr the transcellular

andfh o BaE s, TGRS SR eale ardd Yalnpriscs (OCTs) are not
only pbf&ntial Bﬁ)@at&@é& ﬁ\%?‘éﬂb\mﬂrédﬂ influeplce dﬂ Q%@hsefrglﬂtéd abnormalltles
I ntestine and nervous system (Phtchard JB & M

but 5150( memualpwsT (Adsorpten( 4ADishdBItioye) Metabolmm;argxcretlon and

Toxua ygﬁgr@% qﬁa cb@ggtfgﬁaﬁgrogutoﬁgp?%va @E 3 r%ﬁldé{er Yol potential drugs.
Pharnmacology 5 1 (6), 913-921 ) .

The OCT belongs to a superfamily that includes uniporters, symporters and
antiporters, such as multidrug-resistance proteins, facilitative diffusion systems and
proton antiporters. They mediate transport of small cations with different molecular
structures independently of sodium and proton gradients. Substrate-specific, sodium
independent transport mechanisms via the human OCT (hOCT) have been described
in liver, kidney, small intestine and the nervous system (Pritchard JB & Miller DS
(1993), Physiol. Rev. 73 (4) 765-796). The human organic cation transporter hOCT1
has already been cloned in 1997 (Zhang,L. et. al. (1997) Mol. Pharmacology 51 (6),
913-921).

The OCT shifts electrical charges while going through its transport cycle. This shift
may originate either from the movement of charged substrates or from the movement
of protein moieties carrying (partial) charges. Activities of OCTs can be monitored via
radiofluxes and standard two electrode voltage clamp electrophysiology with the
common drawbacks of either method as bad time resolution, low sensitivity, difficult
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The OCT shifts electrical charges while going through
its transport cycle. This shift may originate either
WO e@mi0819e3 novenent of charged substrates or freCIT/EP07/000497
novenent of protein noieties carrying (partial)
charges. Activities of OCTs can be nonitored via
radi of | uxes and standard two ‘®l ectrode voltage cl anp
el ectrophysi ol ogy with the conmmon drawbacks of either
met hod as bad tine resolution, |ow sensitivity, .
discriminationl betveeen nblnekersn apdt weapebitive keulsteatgs, false positives and

negai/R8 S o 3 (330 7 e Bl BBkl BT A 400
281 , FA54-F468). In sone other cases the

transporter-related currents can either be direc_tl){ . .
In safae pthara@ses the transperighialatedgyreants eaviaithembetdirgetly monitored in

s o YRS R 60 PPl S o 4P i
lipid gaeebraees”l Nnathetdtterncase, bet Wge nbitayer bisf femerated in a small hole

reservoirs, each of them containi n% an Ag/ A%gl
betweeB W BETfenresarvoirs op@elt &f ithemosontaning AneA\g/Agfelhelestrode. After

_ : ot . gteal 4achiyidy . o _
mcon?g% ?%cﬁ )%f tggnB t)dgé@r ﬁrggetrh gdbitla%{%é.r’ gﬁgptﬂgltoggb@tr %&é'tviﬁgn(eéq enzymatic
activifPcarebe taggeres. e.yeby ptotodativatien bhAR Poderdtativesi Ygt, due to its lack

of stéﬁuﬁhﬁgﬁug@gﬁé%? g?&%éegx%g%%egﬂtgag g?rh g goon%%%de gvith this system,
|imitiH§0&%a%gkfé% SRPbRoRIHEVAREBR sUbRtrhRE Phe SR bf istability can be

can be oOvercone by 1 mmobilizing protein-containing

overgamei by émmabilizing: psateinscontaining pagioe onchisensar serface or sensor
hi free el ectrophysiol ogi cal sensor chip is generally

CNIPhased on transportercontaining menbrane fragments or

vesicles usually electrically coupled to a gold coated

bi ochi p. The menbrane fragments usually adsorb to the
A celbrfses  eleciiophysielogiomhi $¢ngerethipalis ygengrallpsbased on transporter-

dified lLipid n i I il ;
cont Pl foblale’ atfnE o b HeRs0 b aly b A IREE o 2 oo
coat&@Ribidchip. ThE roembrand frageiarits Udstallyeidsonts es théfdemisot vhip surface
activation with a suitable substrate, ions or char

which pyeferablys carries: pamogiiadelipidclayss amea HiRtIQldefilmsi ﬁﬁg membrane
fragrR@htd ddegSNHANY fRSInTESRA thdt P9 TBIY¥ & maintain ion gradients across the
membranes. After the activation with a suitable substrate, ions or charged substrates
are transported across the membrane. Since both the adsorbed membrane fragments
and the covered electrode surface behave like electrical capacitors, ions in motion
represent a changing current that becomes detectable if a reference electrode is

placed in the surrounding solution.

The problem of the present invention concerns the question whether the activity of the
OCT can specifically and sensitively be detected with such a sensor chip although

patch clamp experiments with hOCT1 failed.

Surprisingly it has been found that a cell-free assay could be established which
showed the required sensitivity in order to detect a specific signal upon the activation
of OCT. It was particularly surprising because OCT functioned in the cell-free assay
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and the covered el ectrode surface behave |ike

el ectrical capacitors, ions in notion represent a
wW@eb@ngs1ege current that beconmes detectable if aPCTI/EP2007/000497

reference electrode is placed in the surrounding

sol ution. The problem of the present invention

concerns the question whether“the activity of the OCT

can specifically and sensitively be detected with such

a sensor chip although patch clanp experinents with .
accondiag1ta dhee presmmntpinventign ywithoutadhe eeellulaurhaokgeaungd, i.e. without

meaf el SEBSBATAS, SAY, BT L BRI I O tne presen
invertidiNédn BEBWarfié® oatin & dkdanpHfardidr high iv@eonaentratidrardnge which is
surprising because OCT functioned in the cell-free

of pastieilonadvdntPag to the present invention without the
cel lul ar background, i.e. without intracellul ar
substrances, the cytoskelett etc. In particular, the

Conssfuntlof d fisstpembedimenty ef the presento ihveatioh ekfenst to ra anethod for
broad pH and/or high i.on concentration range which is
deteghiniig eczmtmtym\%gl adth thedaliawingranpecytivye ptaps:

o) RIS e hed G GRS 7 Copl i supponec
sansee @itdtredes bapsa lipld layevwatitaiging thed IOGT decated in the immediate
Sotebv SlRciorbs Sskines Pt oder BBERRILE Prat tiagipde is electrically
iFeMLRI YRtV HE Tl s datd o { fiyerspati al

vicinity to e sensor el ectrode, whereas ‘the sensor
(b) tedatingrtheeseinsoehipt with ahlign-icostdiring chanedctiviatiogtselution,

solutions used and t.o the lipid | r b), treati . :
(o) e Ressean e whfurnigh: BbuBiTAle ReRUERR aagng solution
S ution, (c) treating the sensor chip wth an ion-
and substrate containing activating solution, and (d)
(d) measunngtpe éleckicsignalc signal. The OCT is, for
exanpl e, selected from SLC22A1 (OCT1 ) , SLC22A2
(OCT2,
The OCT is, for example, selected from SLC22A1 (OCT1), SLC22A2 (OCT2,

SLC22A3 (OCT3), SLC22A4 (OCTN1), and SLC22A5 (OCTN2). Usually it is of
mammalian origin, particularly from rat, mouse, rabbit, pig, guinea pig, drosophila
melanogaster, caenorhabditis elegans or human. Preferably it is human OCT1.

The electrode usually comprises a metallic material or an electrically conductive metal

oxide, particularly gold, platinum, silver or indium tin oxide.

The solid-supported sensor electrode is generally a glass- or a polymer-supported
sensor electrode, in particular a borofloat-glass-supported sensor electrode,
particularly a borofloat-glass-supported gold electrode. In a preferred embodiment the
lipid layer is attached to the electrode via a chemical bond, particularly via his-tag

coupling or streptavidin-biotin coupling, or via hydrophobic, hydrophilic or ionic forces.

The electrode is further electrically insulated, for example, by one or more insulating

monolayer(s), particularly by one or more insulating amphiphilic organic compounds,
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SLC22A3 (OCT3), SLC22A4 (OCTNL ) , and SLC22A5
(OCTN2). Usually it is of mammalian origin,
w@a0oviogebarly fromrat, nouse, rabbit, pig, QUPCTEEPPITO00497

dr osophi | a nmel anogast er, caenorhabditis el egans or
human. Preferably it is human, OCT1 . The el ectrode
usual ly conprises a netallic ‘}mteri al or an
el ectrically conductive netal oxide, particularly
gold, platinum silver or indiumtin oxide. The

mores DBI‘T'@U&IW DBE wrgnets insulatingonembrage maenrelpyerds )y iIragst-particularly

by agheGpBRn/Bveq HBBEE S R FEIRL uTRCRS Gy erdaPer fachd Bl erectrode
and 8#iérmbHarRY Monaldyer akl frupeéraagestapirey 4wdy dehtlithe electrode.
el ectrode. In a preferred enbodi nent the lipid |ayer

is attached to the el ectrode via a chem cal bond,

el i o , _

A seBBbL K Aok 5 a8 B4 BBy erying s, sapsor electrode and -

covenYktephith iac hole, iformingf ® wadissimilae telthose of itersplatad. HEither glass or
electrically insulated, for exanple, by one or nore

polymgs plaies sgrveoasistifablessuppeats: it thecase é{, agjlase sURBPY, €.9- a glass
patc, i) 8cbl98 RSBl o iR THAUGITRAS strucured gold fim,
whichtras byen (chepmicaibt modified; ©W.gr by nwarss of acmptcapthag.eon its surface,

wheigas viitoe BDeh SUPROBARE Hishdia @nid 21 SdFqes 6an Biso be used.
Due tGXR& .réﬁgé 139 sanadiel ét?dEtH? S eéiﬁ%lbrsc@%or%hf}f‘s“éﬁﬁ b hanufactured as
I [ I ng the

especlalTy contalns a so d su port carr
well asrsemsoelstripisr odevemdeasonaeay (dlatee with B620h384 sensors. Particularly

formng a |l simlar to fhose of tite | ates. .
the pefimiei Bgted Sersors Hephire PplarSer o2 iow cast alhss puction.
supports. In the case of a glass support, e.g. a glass
plate, the electrode preferably contains a thin,
Gen¢rallpdor abhsenrgarytypesibeugeld gafface iis tyrneldi iftio revcapaeitor after the

st Rt M e B i SRS AR swecus
solutidh. Ckhd brdperties ofltRist EfstRstot danabes elcbsrmifed - byDtee Bl of a current-

t he range of suitable substrates, single sensor chips
carrying reteraner felestindal sishves IPHt e AHAIEL.r ingéursr tiryaxide or others

srouiNFRlortAeENP S5 YRhE g dRae85gT suage s referay vry
hydroystiikg)tileal sticky foomermbitaneefsagmentiuand aesicles. Consequently, the OCT
kept within its native or native-like environment, e. g. in biological membrane sheets,
vesicles or proteoliposomes readily adsorbs to the hydrophilic sensor surface, forming
compartments whose inner space with its solution is electrically isolated from both, the
gold surface as well as the surrounding solution within the well. If inserted into a
cuvette, the well of the chip defines the inner volume of a flow cell, enabling a rapid

solution exchange above the sensor surface.

A cell free electrophysiological sensor chip used for the present invention is for
example described in WO02/074983, in particular in the claims and/or figures 1 and/or
2 including the description of the figures of said PCT application, which is hereby

incorporated by reference, if not otherwise described in the present invention. It is also
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Generally for all sensor types the gold surface is

turned into a capacitor after the surface nodification
wha®7osieen pl ace and the well has been fill ed MT/RPENT/000497

aqueous sol ution. The properties of this capacitor can

be determ ned by the aid of E§currentcarrying

reference el ectrode such as [Pt or Ag/AgCl, indium

tin oxide or others brought in contact with the

solution. Furthernore, the sensor surface is

availfpbla‘ &oagllqnGeheyBlgsa:eym'sl GombH,. Iér.atnigfurd:d%]aim,oofgﬁnfﬁb{yeméd under the
§ esi cl es. nsequently, e ep
nam ﬁﬂﬂsﬁg. ’tis&ﬂgfi\&'/%se&s%&ﬁ%@lw i ke environnent, e. g. in

bi ol ogi cal nenbrane sheets, vesicles or

proteoliposones readily adsorbs to the hydrophilic
If oneeswitthesifremca soludion whichodees nataeRtaihassubistiate of @etivator of the

ocT oA spluioBiiht 48858 prRUEbER bateleRE bt CBMEAPEL e electroce
is indaded Whichds \bﬁiiballyl withintRerarige Bf 900 pAUNed hé. Thizeefore, replacement
of the chip defines the inner volune of a flow cell,

of thenaeniagtvalingsplutiop) by ithe ackivating Solilione i€ndhe efihstrate-containing
oo | _ . . e

solu L4 SjofeFle OLT oI HARMAY O SoElorE RRectBhfly in reverse

ordedestarndthe sendiPOsHiP THBSEs initial ptatel Actarding to tiee preserd invention a

.and/or figures 1 and/or 2 jncluding the description of . .
partieyar fadygp eofofstaedlopcqorgﬁwngzaﬁpﬁtaﬁznsm g §”E%‘Ft§b?/re minimized

whichrl‘éé’c;]é)f?)r é‘tsggcihéf.ahﬁfﬁr%ﬂ%’s'i{;rf\al.nOt ot herw se descri bed
Int |

e present invention. s al soavailable from
| onGat e Bi osci ences GrbH, Frankfurt/Miin, Germany sold
under the name SUREE2R ONE(r) bi osensor stem_If .one
All comRNGELs Messs@YolQt F%rﬁy'méi %‘1‘1‘ §8®§°H0‘PX fxgeriments can be

accomRgdarteirPa 3t vt SthefliskhBoMedildd® work&latibhONnt v conventional
does, a neasurable, transient charging current of the

systasnethter nde-actvatingiGerl subistiate-freey spledipnyand the activating solution are

r e of ,100, pA to,.4 . n Therefore, .repl f th .
gendiifi Siofed It oiys-dtuRr oA sy S heRi iU g TP hedhothS arives the
solutiorfthroligh auisteraict eledichhettithisallyld peratedWalves anddBFough the flow

t he activity. Replacing the solutions subsequently

cell. iAMtareatively an @Ho rsanplas caRcbe disesh ta prorass: several solutions in an
auto}n%kéci Pelsh%r?te' According to the present invention a

Prior to the use of the sensor chip it is preferred to wash the electrode with an ion-

containing washing solution.

In any case the ion-containing solutions of the present invention preferably contain
univalent and bivalent ions selected from Na*, K*, Mg?* and/or Ca®*.

The total concentration of the ions in the ion-containing solutions is preferably from
about 100 mM to about 1000 mM, particularly from about 200 mM to about 500 mM,
more particularly from about 300 mM to about 500 mM, most particularly about 435
mM. The concentration of the univalent ions in the ion-containing solutions is
preferably from about 300 mM to about 400 mM and the concentration of the bivalent
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particul ar advantage of the ion-containing solutions
is that artifacts are mnimzed which |eads to a
W@ p®ci8ioe3 and sensitive signal. Al conmponent SPCT/EP2007/000497

necessary for carrying out solution exchange
experinments can be accommodatgd in a PG or otherw se
controll ed workstation. In the conventional system
the non-activating (i.e. substrate-free) solution and
the activating solution are generally stored in glass

ions dottheden-caintaipingsselutions us prefesalpy ifeamtabpauie? maltt taegbout 10 mM,

partiighy s enafl & mlotioblt BaRl B aibuteny abont SuM
flowcell. Alternatively, an auto sanpler can be used

to process several solutions in an automated fashion. |
In angther prefetrrd emmbodimanidhe dar-gontainipgisolutions krrther €@ntajn a buffer,

; t.h €, t [ t.aj Ri shi ng
parti3lly A EPEANE Call (0B g ZR et ieetSr it Mons o

the present invention preferably contain unival ent and

bi val ent ions selected from Na+, K+, M2+ and/or Ca2+.
Examplestefithe iQrretainiagisshtionsiaie flons in t he

i on-containing solutions is preferably from about 100

mMto about 1000 mM particularly from about 200 nMto
(a) aakasting@0lutidn: nore particularly from about 300 nMto

out 500 nost L cularl out 435 mM The
30 + 300 OF Atk o Ot HEFES SMGrpH BR% .07 he
300 LADOGRAN 8 AunRfaRtydh a8y Naopr ef erably from about 300
mto M)gu?u40 mM and ?he concentration of the
4 + ZmMbéatbivalent iont &g. MgGlgont ai ni ng solutions is
preferably fromabout 2 mMMto about 10 nmM
particularly fromabout 5 mMto about 8 nM nore

(b) alfdr-bétilatingysolirs: 5 ™ In another preferred
enbodi ment "t he i on-contai ning solutions further

30 +dénmM af a buiffer..g. HEPESNMGI pHa/ .BPES, NMG, 30 10 nM
. . of the ion-containing

300 g?loétrﬂ%éf %PEWPLeﬁ{t(%ﬁxeng‘Aggm,ng sol uti on:

4 + 2 mM of a bivalent ion, e.g. MgCls, and

0.5 - 100 mM of a univalent ion, e.g. NaCl, which should be equimolar to the

concentration of the substrate in the activating solution.

(c) an activating solution:

30 £ 10 mM of a buffer, e.g. HEPES/NMG, pH 7.0 £ 1.0,
300 = 100 mM of a univalent ion, e.g. NaCl,

4 + 2 mM of a bivalent ion, e.g. MgCl_, and

0.5 - 100 mM of a substrate, e.g. choline chloride.

The substrate of the activating solution is generally an organic cation, particularly a
cationic drug, a cationic xenobiotic and/or a cationic vitamin, more particularly a
primary, secondary, tertiary or quaternary amine, most particularly choline,
acetylcholine, nicotine, N'-methylnicotineamide, morphine, 1-methyl-4-
phenylpyridinium, procainamide, tetraethylammonium, tributylmethylammonium,
debrisoquineor a biogenic amine like epinephrine, norpeinephrine or carnitine or



10

15

20

25

30

30 10 MM of a buffer, e.g. HEPES/NM5 pH 7.0 1.0,
300 100 mM of a univalent ion, e.g. NaCl, 4 2 nM of
w@2resdoent ion, e.g. MgC . (b) a non-acti vat i HQI/EP2007/000497
solution: 30 10 mM of a buffer, e.g. HEPES/ NMG pH
7.0 1.0, 300 100 mM of a unjvalent ion, e.g. NaCl, 4
2 mMof a bivalent ion, e.g. C, and 0.5 - 100 nmM of
a univalent ion, e.g. NaCl, which should be equinol ar
to the concentration of the substrate in the
lipophdici o@m'pognésulliheimﬂnin(ecpumidiaetorv@temigs dikeucaraostgmne or organic
.10.£r1\/lof abuf}ler e.aqi. S/N pH7O 1.0, 300
aniony ke RAMR-AQ IR MRHUL %rPrO Sged 4 2 nMof a
bi val ent ion, e.g. MG, and 0.5 - 100 mM of a
substrate, e.g. choline chloride. The substrate of the
In generalidhe rejeetsic signal issmganied) usingrarpgmmetrisaandiar potentiometric

meafi g hEcspd BTt NP rs s o Baf, PRIRES bhficulary 2 to 4

time®ri mary, secondary, tertiary or quaternary am ne, nost
particularly choline, acetylcholine, nicotine,
N1- et hyl ni coti neam de, norphine, 1-nethyl -

The P&ﬂgy%IB%f{rfcd%gbglmor PEQGBHAIT Bhtet T rtﬁgt IHV%ﬁf(i)%Fg %!'I%I'Inmean the peak

amrmoni un debrisoqui ne
currenti e rbshmszpltoem i replacentgnti ofemnm aetl\gatlngalblyi actieating solution,

incluging: Bl rateshie | BBsTaNb BrabRga . ARPoRdTe@mpltude rises
ool AT OIS BP Wi bl B 8 R0AS SoodyBAPEBlp concs. T
polarityt @hthieocetrentc mayabe ,pasitivet be negetdee, (deperdirig onathe polarity of the
transp%rrtredepon%ugng}orlt e pol%ntty m? the ghlheg um%?eltyeSZOF ?hé' protein and the
vectorial orientation of their transport or shift across or within the membranes of the
compartments. Currents resulting from the replacement of the activating solution by
non-activating solution or from the replacement of the non-activating solution by the
washing solution are generally not taken into consideration with respect to the
determination of the OCT activity. Flow rates and intervals are preferably chosen such
that the current response to the replacement of the non-activating solution by
activating solution remains unbiased by current responses provoked by the other

replacement steps.

The method of the present invention can also be carried out in the presence of a

chemical compound, particularly a stimulator (activator) or an inhibitor of OCT.

Therefore, the present invention also refers to a method for identifying a chemical
compound that modulates the activity of OCT with the following consecutive steps:
(a) carrying out the method of the present invention, and

(b) identifying the chemical compound.

The chemical compound is generally an organic cation, particularly a cationic drug, a

cationic xenobiotic and/or a cationic vitamin and/or biogenic amines, more particularly
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times. The term"electric signal™ or "current” in
context of this invention shall nean the peak current
WO pooresense to the replacenment of non-acti vat PCIYER3007/000497
activating solution, including but not limted to the
maxi mal peak current. The curéent anplitude rises
usually within 10 to 100 ns, fTollowed by a sl ower
decay within about 2 seconds. The polarity of the
current may be positive or negative, depending on the
a pripwnur segongiary htertiarynepavatemanyramimed/ whereia thelcheanigal compound

f .the,.shifted nojeti L0
usugy 5 8rstinuigler et FoITEy o RiT. ThehBRBi@sohliung can for example
be pRsEed$ i 8ichehiiGaltdnsourRitiiranes of the conpart nments.

Currents resulting fromthe replacement of the

activating solution by non-activating solution or from

AnolfBE MRS P I 15eRER, FREHIE 0 paekd, 3B BlecBBnysilogial
sensoP thipdieseif comtaimingd tiee BT tad deddribededisdve inadétal. The tOCT is bound
OCT activity. Flow rates and intervals are preferabl

to therresenr shinagepadingnie mgthasis: genasplinkaows terperson skiled in the art
and/&P?& égggi‘ﬁ@éusf{ie%é?ﬁ)e%‘%ﬂ'tﬁ&ﬁéx\éﬂ{r%é‘.g sol ution by
actrvatrng solu

Ion remal ns unbrased by current
responses provoked by the other replacenent steps. The
nmet hod of, the present invention éan al so. be ca;ried

a n

The 3gNS0R £AP (5385 RSl rcoMrliRgi & afataoAgaHisdion device for acquiring
oyl . ( . R o
meaBfeeH o fich he lotcte, i bYRRIY, SlorBhge" it Bixing means
for makimgmavaitablé oexchbnging yandjon roxing dhé worgantaihindagolutions. The

m)dgl at es th&act'hvit of. OCT wit the.fo.lovvir}
sensgp FBIRCAT JisoReaLhe 1aim e ATicePlath Of RIETRIERBAEr | ne

present invention, and (b) identifying the chem cal

conpound. The chem cal conpound is generally an
Anotbegsubject-mattar, ofpthet praseat inveatioatis can @pparajus econtaining a sensor

. cgtjonic xenohiotic and atLonie vitamn [ Or .
chip bcf%o gnpges tnlgg«?ﬁt}%}, eg p/g?‘%rleﬁﬁig a(%lf)@ﬁé?cﬁ,i ﬁa&é?a a@&&& ion device for
acquireifPRféakdrerhent data)frath tHY leutivdey afréxetangeheiddmmixieg means for

chem cal conmpound . . i o i
making available exchanging and/or mixing the ion-containing solutions, a flow
analysis device, a power supply, a computer and an autosampler. The reference

electrode is preferably a Pt/Pt, Ag/AgCI or indium tin oxide electrode.

A further subject-matter of the present invention is a kit containing

(a) a cell free electrophysiological sensor chip of the present invention or an apparatus
of the present invention,

(b) at least one ion-containing solution as defined above, and optionally

(c) a substrate as defined above.

The following Figures, Tables, Sequences and Examples shall explain the present

invention without limiting the scope of the invention.
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usually is a stinmulator or an inhibitor of OCT. The
chem cal conpound can for exanple be present in a
w@ b@miogab3 conpound | i brary. Anot her subj ect - nePCEEPDD7/000497

the present invention is the cell free

el ectrophysi ol ogi cal sensor c§ip itself containing the

OCT, as described above in detail. The OCT is bound to

the sensor chip according to methods generally known

to anerson skilled in the art and/or as specifically
DESERICTIQNIOFTHE & Gk Be. The sensor chip can further

conprise a data acquisition device for acquiring

nmeasur enent data fromthe el ectrode, and optionally
FiqueXgAansgowaddeRictridali Respides for arekypigalavairsep! &ith immobilized

exchangi ng and/ or m xi ng the_i on-contai ni ng sol utions. o

The sgnsobranep bamponrise KOGTR2 t(ale2Ra2im wpor addition of activating

of "t ne Gl bl Beforg Bk Tradl bR affR hffbiion (arey
sensortrady)with 1thel PBARsent invention, a reference
el ectrode, a data acquisition device for acquiring

neasurenent data fromthe el ectrode, an exchange

; or ..ne@ﬁ?&?f CSﬁas,lg,!n VAl BRI : o
ﬂgu_meé“_g_éorsﬂrﬁviél nglt el orﬁ-Qgé%n alsnig?lfz]1 a;lo:tﬁ?éf%ns, a%FI c\)l‘\y/'vfzi"l immobilized
anal ysrherﬂﬂahe@,habpomg Is(Dﬁlﬂ‘Qy(SlaC%Ampthofrawdaimn of activating
aut osanpl er. The referenc ctrode is prefera a .
B Pt Sohefions (0 G GRPURRGH PeiPUD Gk aPshand giter inhibition (grey
furthq;a&;%ﬁpq- tfgh of the present invention is a
kit contar'ning (a) a cell free el ectrophysiol ogi cal

FigusedA orshavwspchdlineheornmepdrationidependence of rQ6 Tappw22ads (CHO cell
i nvention, (b) at |east one

of the Er%ient
i on- cdREAIBEARES)sol uti on as defined above, and
optionally (c) a substrate as defined above. The

fol | owi ng Figures, Tables, Sequences and Exanpl es
Figueeh2B| showsatholineecqneantrationriapenidenceiof QETRi(BLG224\1) (CHO cell

t he scoge of tt}e i nventi on. DESCRI PTI ON OF THE FI GURES
membranes).

Figure 3 shows the pH dependence of rOCT2 (slc22a2) and hOCT2 (SLC22A2)

from insect cells.

Figure 4A shows the IC50 of TBA of rOCT2 (slc22a2) (CHO cells). IC50 was

determined using 10 mM choline as a substrate.

Figure 4B shows the IC50 of TBA of hOCT2 (SLC22A2) (CHO cells). IC50 was

determined using 30 mM choline as a substrate.

Figure 5A shows electrical current of stably expressed rOCT2 (slc22a2) in patch
clamp experiments (CHO cells).

Figure 5B shows electrical current of stably expressed hOCT2 (slc22a2) in patch

clamp experiments (CHO cells).
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Figure 1A shows el ectrical responses of a typical
sensor with i mobilized nmenbranes harbouring rOCT2

w@ 200022823 upon addition of activating sol uti oPCT/BBR20niD00497
CholineCl) before (black trace) and after inhibition
(grey trace) wth 1 mM TBA. 10gure 1B shows el ectri cal
responses of a typical sensor™w th i nmobilized
menbranes harbouring hOCT2 (SLC22A1 ) upon addlti on of

activating sol ution §30 mM Chol i neCl) before (bl
_Iggtg_%e)srmws aihe JE5OnAT tsuiniog cefgr@S;TQrésé@%Zaa)t GCHOWMEIIS) IC50 was

of r oYY T A irE LT BhBEYSRE, oie 28

shows choline concentrati on dependence of hQOCT2
_ (SLC22A1 ) (CHO cell nenbranes). Figure 3 shows the E_H
Figure6Bnainves dhe rasetdcheling zapsentrtiorodepepdence of) r@Edg (slc22a2)

msectg_ffb %LSE' gure 4A shows the 1C50 of TBA of rQOCT2
(sl 02 (c cells). 1C50 was determ ned using 10 nmV

choline as a substrate. Figure 4B shows the I C50 of
TBA of hOCT2 (SLC22A2) (CHO cells), . 1.C50 was
Fiquegs? er BhoMs @sNHEieis0 3l saguence gehtainingstheaseding; grgien of human

SA shaspol éTﬁabLl?iafnz%@gL e %&épg)({%rﬁﬁﬁfog (FXAY sites of the

(sl c22a2) patch c peri nment
Fi gur ggé&ate alows beldafacre ant underkmed. 6Fhes ol AXhex Cd<H@AG) cloning
hOCT2 sI c22a2 n tch clanmp experinments (CHO
cel | s)StﬁSgﬁIPéJ igrl the 1C50 of quinine of rQOCT2
(sl c22a2) (CHO cells). 1C50 was determ ned using 10 mM
choline as a substrate.

Figure 8 shows a nucleic acid sequence containing the coding region of rat OCT2

(rOCT2; slc22a2). The start (ATG) and stop (TGA) sites of the gene are in
bold face and underlined. The Kpnl (GGTACC) and BamHI (GGATCC)

cloning sites are underlined.

Figure 9 shows a nucleic acid sequence containing the coding region of human
OCT1 (hOCT1; SLC22A1). The start (ATG) and stop (TGA) sites of the
gene are in bold face and underlined. The HINDIII (AAGCTT) and EcoRV
(GATATC) cloning sites are underlined.

Figure 10 shows a nucleic acid sequence containing the coding region of human
OCT3 (hOCT3; SLC22A3). The start (ATG) and stop (TAG) sites of the

gene are in bold face and underlined.

Figure 11 shows a nucleic acid sequence containing the coding region of human
OCTN1 (SLC22A4). The start (ATG) and stop (TGA) sites of the gene are
in bold face and underlined.

Figure 12 shows a nucleic acid sequence containing the coding region of human
OCTN2 (SLC22A5). The start (ATG) and stop (TAG) sites of the gene are

in bold face and underlined.



Fi gure 6B shows the acetyl choline concentration
dependence of rOCT2 (slc22a2) (CHO cells). Figure 7
WG bwrAesAINuUCl ei ¢ aci d sequence contai ni ng t he PCHEPZP07/000497
regi on of human OCT2 (hOCT2, SLC22A2)). The start
(ATG and stop (TAA) sites of11t he gene are in bold
face and underlined. The Xhol /' Xhol (CTCGAG cloning
sites are underlined. Figure 8 shows a nucleic acid
sequence contai ning the coding region of rat OCT2
(rOCT2; slc22a2). The start (ATG and stop (TGA) sites
of the gene are in bold face and underlined. The Kpnl
(GGTACC) and BanHl (GGATCC) cloning sites are
DESORIPTIONeOF THRSEQOENTE®S a nucleic acid sequence
contai ning the coding region of human OCT1 (hCCT1 ;
SLC22A1 ) . The start (ATG and stop (TGA) sites of

5 SEQ%IE%@Q? sgi:]o‘gvéE% %ﬁ%ﬁ%g&%d&n@?%&éﬁﬁg}sth:agpgo&fhal%bfon of human

10

15

20

25

under | i neCTRI (HQCT;,Bs0RRA2R nucl ei ¢ aci d sequence
containing the coding region of human OCT3 (hOCT3;
SLC22A3). The start (ATG and stop (TAG sites of the

SEQIBNR0OAE dHdbviPladnligefe e %g@éﬁéé“%g td:hlﬂgrﬁeléoafﬁgwﬁegion of rat

a nuctel ¢ acl d sequence contal ning t e codi ng regi
of human @I:‘TI](r@Sﬂ'@EM)ZaH)he start (ATG and stop
(TGA) sites of the gene are in bold face and
underlined. Figure 12 shows a nucleic acid sequence

SEQAPN®): Bl NthowtCa FREIEE aE:l%Qé é?fce%&?ﬁé‘m N2 ESdifg #6§ibn of human

he start (ATG and sto sites of the gene are
in bold fGACE1dh@GHHSL M3DESCRI PTION OF THE

SEQ%B%B':\GESshows a nucleic acid sequence containing the coding region of human

OCT3 (hOCT3; SLC22A3).

SEQ ID NO: 5 shows a nucleic acid sequence containing the coding region of human

OCTN1 (SLC22A4).

SEQ ID NO: 6 shows a nucleic acid sequence containing the coding region of human

OCTN2 (SLC22A5).

EXAMPLES

Materials

Washing solution (C):

HEPES/NMG 30 mM, pH 7.4

NaCl 300 mM

MgCl, 5mM
Non-activating solution (B):

HEPES/NMG 30 mM, pH 7.4

NaCl 400 mM

MgCl, 5 mM
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SEQ ID NO 1 shows a nucleic acid sequence containing
the coding region of human OCT2 (hOCT2; SLC22A2). SEQ
wOo DoREs7923 shows a nucl ei ¢ aci d sequence cont ai PCTIEP100E000497

codi ng region of rat OCT2 (rQOCT2; slc22a2)). SEQID
NO 3 shows a nucleic acid sgguence contai ning the
codi ng regi on of human OCT1 (AOCCT1 ; SLC22A3). SEQ ID
NO 4 shows a nucleic acid sequence containing the
codi ng region of human OCT3 (hOCT3; SLC22A3). SEQ ID
NO 5 shows a nucleic acid sequence containing the

Activatidgrsplutiegi @): of human OCTN 1 (SLC22A4). SEQ ID NO 6
shows a nucleic acid sequence HEPES/NM@ the cod30venM, pH 7.4
regi on of human OCTN2 (SLC22AS5)NgCEXAMPLES Materi al 800 mM
Washi ng solution (C): HEPES/ N pH 7.4 NaCl
nmM MgCl 2 5 mM Non-acti vating slglg%mllég% (B): HEPES/ N1 @rﬁﬂM
30 MM pH 7.4 NaCl 400 nM MyCl "™Acti vati ng

solution (A): HEPES/ NMG 30 m\V BH 7.4 .
In solution C, B and A, respectively TBA or Quinine 10uM;

Assay Procedure

(a) Preparation of Membranes

After harvesting the cells from a virally transfected Sf9 or HighFive suspension cell line
or an stably transfected adherent CHO cell line via centrifugation, aliquots of approx. 2
g wet weight cells were quick-frozen in liquid nitrogen and stored at —80 °C for further

preparation.

The cell pellet was thawed on ice and transferred to ice-cold buffer (0.25 M sucrose, 5
mM Tris pH 7.5, 2 mM DTT, one complete protease inhibitor cocktail tablet per 50 ml

(Roche Diagnostics GmbH, Mannheim, Germany).

The membrane fragments were prepared by cell rapture. Cells were homogenized by
the nitrogen cell disruption method utilizing a Parr Cell Disruption Bomb (Parr
Instrument Company, lllinois, USA) or the Dounce homogenisation method utilizing a
Dounce Homogenisator (7ml from Novodirect GmbH, Kehl/Rhein, Germany) and the
suspension centrifuged 10 min at 4 °C and 680 g and 10 min at 4 °C and 6100 g . The
supernatants were collected and again centrifuged for 1 h at 4 °C and 100,000 g in

SW41 swing-out rotor.

Pellets were suspended in approximately 2 ml of 5 mM Tris pH 7.5. With 87 % sucrose
(in 5 mM Tris) the suspension was adjusted to 56 %. The sucrose gradient was then
built up beginning with 2 ml of the 56 % fraction at the bottom, following 3 ml 45 %

sucrose, 3 ml 35 % and 2 ml 9 % sucrose.
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NaCl 300 mM Choline/Cl 100 MM MgCI 2 5 mM I n sol ution

C, B and A respectively TBA or Quinine 1QuM Assay
woe@cesee (a) Preparation of Menbranes After PCT/EP2007/000497

harvesting the cells froma virally transfected Sf9 or

Hi ghFi ve suspension cell i ngL0r an st ably transfected

adherent CHO cell line via ce|;13tri fugation, aliquots of

approx. 2 g wet weight cells were quick-frozen in

liquid nitrogen and stored at -80 OC for further

preparation. The cell pellet was thawed on ice and

Agaily LRGN Y 28T diaitimoityott o€ A 160056 g Petfaient-bancs

werecasfiratet éarbfudly with bPasieut fipétee BndossIRictes in3fildish tubes together
. Mannhei m GerrranyM The nenbrane fragnents were

with githes e mlbgf 8801 MMy Nafple S oaWI Mohda 3ty ElePesgpidy?.5 or 10 mM

. jA£0gen cell disruption nethod utilizing a Parr
Tr'SI%eEﬁlppg'é'rupti on Bonb (Parr Instrunment Conpany,

[I'linois, USA) or the Dounce honogeni sation mnet hod
utilizing a Dounce Honpbgeni sataor (7m from Novodirect
Anothgp rentrifgatiRestap f wyh h @b dSPR@0 gudpénsi on
centrifuged 10 min at 4 0OC and 680 g and 10 min at 4
0C and 6100 g . The supematants were coll ected and
The agmilting petlet Wagadstsperided mt 3@0 MnNaCHh GO fgioh, 2M1M DTT, 30

W ng- r r. Pellets were suspended in
mM %ﬁBFng‘ﬁg@e%% qeasPl s i Tri s pH 7.5. Wth 87 %
sucrose (in 5 MM Tris) the suspension was adjusted to
56 % The sucrose gradient was then built up begi nning
(b) Rveparatian ofdBiosars®E % fracti on at the bottom
followng 3 M 45 %

Biosensors were prepared according to the following protocol.

1. Addition of 30 upl mercaptane solution (2 % mercaptane in isopropanol) to
biosensor

Incubation time: 15 min

Rinsing with 3x70 pl isopropanol

Vacuum dry biosensor

Drying time: 30 min

o ok wmN

Addition of 2 pl lipid (60 units (weight) 2-Diphytanoyl-sn-Glycero-3-Phosphocholin
+ 1 unit octadecylamine dissolved in 800 units n-decane)

Immediate addition 30 pl DTT-Buffer (1,542 mg DTT / 50 ml Buffer C)

Incubation time: 20 min.

Addition of 20 pyl membrane preparation + 135 yl DTT-Buffer C and Mixing (for 6
sSensors)

10. Sonication: 2x10 times (settings 0,5 s /30 %) with a pause on ice of 30 s

11. Removal of buffer from biosensor

12. Immediate addition of 25 yl membrane solution to the biosensors (mix 3 times)
13. Store overnight in the refrigerator (in Petri dish with high humidity)

(c) Solution Exchange Protocol



sucrose, 3 m 35 %and 2 m 9 % sucrose. Again
centrifugation for 2.5 h (or even nore) at 4 0C and
WA @089 t he gradi ent - bands were aspirated caP&l/BP1097/000497

with a pasteur pipette and collected in fresh tubes
together wwth either 5 m of _ 300 M NaCl 5 nM MyCl 2,
30 MM Hepes pH 7.5 or 10 mv T s/ HC pH7, 5. Anot her
centrifugation step followed: 1 h at 150000 g, 4 OC.
The resulting pellet was resuspended in 300 mM NaCl, 5
mM Mgl , 2 nM DTT, 30 nM Hepes pH 7.5, 10 % gl ycer ol

For thie) détepBmiatibh T iRt aBliviye Bse® OC Bpesteicwas trdited oratetively with a
according to the follom4n% protocol. 1. Addition of 30

washingnerampetivadingoland oactivating nselbdipnamadi the s efgadfiediocyrrent was

i nsar. 2. [ e 151 Ri nsy
mealyiiedl 4350 Hartlng FE RhpRlind WsiHRUY YsdieEhlofhe replacement of
the %y?ihg(éh@mar?ﬁctmdﬁin@ sAdeb i asfivating sblukibA (s@Bstrate containing
uni ts (wei _
solutiarp); tpisgeemgxa Ol @clivity- oSubsamestly JrBlacing: selufigns in reverse order
] ol i.n. 800 units n-decane) 7.
ret”rﬂgttm@%sgﬁé&g&o@ﬁt"ﬁgﬁ@b“ﬁs%- Buffer ( 1,542 ng DTT /
50 Ml Buffer C 8 . Incubation time: 20 mn. 9.
Addition of 20 ml nenbrane preparation + 135 n
DIT-Buffer C and M xing (for 6 sensors) 10.
Cydéqnication: 2x10 tinmes (settings 0,5 s /30 %9 with a
pause on ice of 30 s 11. Renoval of buffer from

- VW N - V-_W_N"]

" “"non-~ | activating non-
activating | solution | activating
solution solution

4s 4s 4s
4s 4s 4s
4s 4s 4s
1 minutes break
Cycle 2:
non- activating non-
activating | solution | activating
solution solution
4s 4s 4s
4s 4s 4s
4s 4s 4s
4s 4s 4s
4s 4s 4s
4s 4s 4s

5 minutes break and addition of a compound to be analyzed

Cycle 3:

non- activating non-
activating | solution | activating
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12. Immedi ate addition of 25 m nenbrane solution to
the biosensors (mx 3 tines) 13. Store overnight in
wa @703 gerator (in Petri dish with high hunPdi/Ep3007/000497
(c) Solution Exchange Prot ocol For the determ nation of
its activity, the OCT protelq was treated
consecutively with a washing, non activating and
activating solution and the electrical current was
nmeasured when changing from charging to activating
tir setutiont .| The repl aceakitipnof| t he washi ng and
non- &gt i valt i ngdsol uti ondby adtivating sol ution
subsfgr at € condqi ni fig sgkutign) triggers the OCT
dCIIW%Iy Subsgguen|Ty qulaqlng solutions in reverse
order—returns—the sensor—chip into its initial state.
Cycle 1: 1 mnutes break Cycle 2: 5 mnutes break and
1 miagidistbreakof a conmpound to be anal yzed Cycle 3:1
m nutes break Cycle 4. 5 mnutes break and addition of
t he sane conpound in another concentration or of
anot her conpound, etc. The follow ng settings were
used for the nmeasurenents of hOCT2: After buffer
Cycleantai ners A, B, and C of the biosensor system had
been filled with "activating" buffer and
"non-activating" buffer a dunny was nounted to the

gen hofTd € emwas flushed with al
kngggg%nég %gﬁ?%%?a ﬁgg fromthe entire fluidic
3$YS & npty or nsor was then replaced by
a—SPAIQN, "'ﬁ“sbas,u 5 ”85{ prel oaded with
hQCT#*Scontlai ni CHO neftBrane fragments (chemically
modi #Sed dol d 48irf ace offS3 mh di aneter; |onGate
Bi osdisences GHH, 4s

4s 4s 4s

4s 4s 4s

4s - 4s 4s

5 minutes break and addition of the same compound in another concentration or of
another compound, etc.

The following settings were used for the measurements of hOCT2:

After buffer containers A, B, and C of the biosensor system had been filled with
“activating” buffer and “non-activating” buffer a dummy was mounted to the sensor
holder and the system was flushed with all buffers to remove air bubbles from the
entire fluidic system. An empty or blind sensor was then replaced by a standard glass-
based sensor preloaded with hOCT2-containing CHO membrane fragments
(chemically modified gold surface of 3 mm diameter; lonGate Biosciences GmbH,
Frankfurt/M., Germany). Liquid transport through the fluidic system, including the

sensor flow cell, was achieved by applying air pressure to the buffer containers.

Measurements were usually carried out at 250 mbar overpressure, resulting in a flow

rate of about 300 ul s™. For the determination of its activity, the membranes harboring
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Frankfurt/M, Germany). Liquid transport through the
fluidic system including the sensor flow cell, was
w@edresee by applying air pressure to the buf fBCT/EP2007/000497
contai ners. Measurements were usually carried out at
250 nbar overpressure, resulting in a flow rate of
about 300 M s 1. For the det'@mination of its
activity, the nenbranes har borr ngOCT protei n were
treated consecutively by a "non-activating" and
ocT pr@ﬁermamemgtreatedmonsecuﬁsmj;@qraarnmyacmatmgr" ragpd “activating” solution.
sol uti.ons retu

SubguELY SeplaRinaEroluicRe I tayehee Hid&iyrellfoS ZB apapo! hip into its initial
statescé)t ‘Pﬁéeﬁhs 8f BRIYBAEEI @@ﬁwgfg 'é‘%éqﬁéﬁ@e WAUHBfidad (e Figure 1), in

non-activati ng" fer flowed over the sensor
whrcbU’maea;;tlvfatjng’bh/eﬂerbﬂowadtcb\xmtthagserts@rfserrfagadfoIIowed by “activating”

'nons act | va Durl e whol e seq C
buferi g, oA YRR e DG T, SIS0 8a0e iR B8 Gurront response
was 28igitiede (2000 dsémpldd &5') BAE dased I S RINA efiRSPEFbIMBdse-response

i nhi bitors were dissolved in "non-activating"” and

expergments ainhijtorsumese | disselyedt inyenpn-agtivatingmang sagéyating” buffer,

, | Mt ] . is High
resp@RG AT GidpiAI OBt pioh it RIS of BEIECT Vet on
with 100 nM choline/Cl before inhibition; Low control:
el ectrical valley current after activation with 0 mM

choline/Cl after inhibition; Results are cal cul at ed
—ﬁﬁgﬂﬁhﬁﬁwat Be corrected raw data. . , ., .,. , ., 1 LL(

(sanple -lowcontrol ) Inhibition of transporter = 100

Hrgh(éolntr-ol (quct'rrcgl valley current after activation with 100 mM choline/Cl before
inhibition;

Low control: electrical valley current after activation with 0 mM choline/Cl after
inhibition;

Results are calculated from the corrected raw data.

(sample —lowcontrol ) )
( highcontro'l—lowcontrol )

Inhibition of transporter = 100 * (1 -

Results

1. Figures 1A and 1B show electrical responses upon addition of choline containing
activating solution to sensors with immobilized membranes harbouring rOCT2 and
hOCT2 respectively before (black trace) and after inhibition (grey trace). The peak
amplitude is equivalent to the initial activity of the transporters; the decay has to be
attributed to the charging of the capacitance of the sandwich structure of the

biosensor.

2. Figures 2A and 2B show the influence of the choline-concentration on the
amplitude of the electrical response (high control) on rOCT2 and hOCT2
containing membranes respectively.
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Results 1. Figures 1A and 1B show el ectrical responses
wapownosmegs t i on of choline containing activati nBCT/EP2007/000497

solution to sensors with i mobilized nmenbranes

har bouring rOCT2 and hOCT2 respectively before (bl ack

trace) and after inhibition (1 rey trace). The peak

anplitude is equivalent to the initial activity of the

transporters; the decay has to be attributed to the

Ataordingagtodthetresults pfai dhaline-amincehtratiam tittatibn st chaliner@ncentration

i NP 0558 i VIS5 AR ABlA Feasure signas i
m%ﬁgﬁ@d@_f the electrical response (high control) on
r 2 ‘and hOCT2 contai ni ng nenbr anes

respectively. According to the results of a

BRBPURG. GEhGARraENen SrOWS MRnask PUalsin iaptiity at pH 7.4, which

tvhm_@tégéi@ : sta@§'é(§ iﬁzsddg'gaueh{ CR0T d(FQh”@ AL reinfilsitien Sexpgriments the

hi g nplitude. 3. Measure ependence showe

mqijinescomerﬁttratinnawasvdegreaseqbH0_715,m%i(®hth§1éaeg@rfé KM-value for
%@%Qﬁqﬁ%&hﬁpeﬁﬁ&éqm%ﬁ%rteefﬁetc?s).( L:r'h%' I(?’QO fglo 2 E{élﬁ'd%'ré 'iRRibitor of the
OCT (TBA) was determined to 3.5 uM for rOCT2 (Fig. 4A) and 2.9 yM for hOCT2
(Fig. 4B) respectively.

By using the parameters defined above different membrane preparations from
recombinant cell lines were compared. Best results were obtained with a CHO cell
line. Insect cell preparations yielded high quality signals, however with a rundown

not suited for ICsy determination.

The CHO cell line was further monitored via manual patch clamp electrophysiology
considered as gold standard for ion transporter research. For rOCT2 electrical
currents were hardly for hOCT2 not detectable and IC50 values could not be
determined (Fig. 5A and 5B).

For further evaluation of the sensitivity of the signal further substrates and

inhibitors were tested. Figures 6A and 6B show these examples.

Along with the assays reported here for the OCT2s further family members, e. g.
hOCT1 or hOCT3, and constructs were cloned and generated. Cell lines were
generated utilizing Invitrogen’s Flpin- and T-REX System (Cat. No. R758-07).
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choline concentration was decreased to 10 mM (in the
range of KM val ue for detecting conpetitive inhibitor

we@doens®ys The |1 C50 for a standard inhibitor oPCT/RE200I00497

(TBA) was determined to 3.5 mMfor rOCT2 (Fig. 4A) and
2.9 mMfor hOCT2 (Fig. 4B) quectively. 4. By using
the paraneters defined above 'di fferent nenbrane
preparations fromreconbi nant cell lines were
conpared. Best results were obtained with a CHO cell

Claimsne. Insect cell preparations yielded high quality

signals, however with a rundown not suited for |C50
determination. 5. The CHO cell line was further

R AhdtA6E Jovd &tefMining tHnhetivity cfriRe okgaiic eahiya teinepprter (OCT), said
consi dered as gold standard for ion transporter

rrasthadceomprsing tiog gopseeutiviectere @fir ent s were hardly

) S5 e L oo RS, Sl 50 g o

of tduppetesi densor elerftrodecarsd gihipld fayet b@mtambg;thaofesT located in
and |nh| bitors were tested. Figures 6A and 6B show

t hedBedmamediate Spﬂtlﬁhg'%'wotthg S§§§9&§|99396¢tw89f?@15ethe sensor
&é@@tr@ ?sSeIEHfrfcgffgl A<y rIBR0ES t O,1@soIgtloHgggé%(%rnld to the lipid

construc were cloned an ener at
| i ndayswere generated utilizing InV|trogen s Flpln- and

T- t Cat 758-.07) ai, 1. A hod f
&) drertiia§esesat chip wil an iofcoplaBaitasarBiatng soldtion
tednFRRirgthe(<enEbr cﬁﬁb‘ \ﬂltﬁ@hhSH- SRBUbStrAE ddh%alnlng activating

consecuti've steps of: (a) providing a cell free
elecﬂﬂ@mhyandloglcal sensor chip containing a

S ds {ed Sensor. Iectrode and a lipid |ayer
JgHP G Y% 'ed in the inmediate spati al
V|C|n|ty to the sensor el ectrode, whereas the sensor

el ectrode is electrically insulated relative
sthemethed ofelaimdd whereindheiQEd is selected from OCT1 (SLC22A1)

OCT2 (SLC22A2), OCT3 (SLC22A3), OCTN1 (SLC22A4), OCTN2 (SLC22A5).

The method of claim 1 or 2, wherein the OCT is of mammalian origin, particularly
from rat, mouse, rabbit, pig, guinea pig, drosophila melanogaster, caenorhabditis
elegans or human, more particularly human OCT1 (SLC22A1).

The method according to any of the claims 1-3, wherein the electrode comprises
a metallic material or an electrically conductive metal oxide, particularly gold,

platinum, silver or indium tin oxide.

The method according to any of the claims 1-4, wherein the solid-supported
sensor electrode is a glass- or a polymer-supported sensor electrode, particularly
a borofloat-glass-supported sensor electrode, more particularly a borofloat-glass-

supported gold electrode.
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| ayer, (b) treating the sensor chip with an
i on-cont ai ni ng non-activating solution, (e) treating

WO b@798198Hr chip with an ion- and substrate coPCEHEPI0NT000497

10.

11.

12.

activating solution, and (f) neasuring the electric
signal. 2. The met hod of cl a|r§11 wherein the OCT is
sel ected from OCT1 (SLC22A1 ) OCT2 (SLC22A2), OCT3
(SLC22A3), OCTNL (SLC22A4), OCTN2 (SLC22A5). 3. The
nmethod of claim1l or 2, wherein the OCT is of )
nEnermataed ectording trmany oliclgimg 1+%.omhergin theplinid layer is attached to

B8 psudiePyie LRERiH Bandl RRR e I AR Bling or streptavidin-
heieEn c@? d%;@?@ﬁﬂtdﬂophoélc ﬁ?érdﬁ?ﬁll@& ioARMoRtgry to any

of the ainms 1- wherein the el ectrode conprises a
nmetallic rmterlal or an electrically conductive netal

. . I I
oY By 38 ELH o, 50 fr o Bl T ok, e g i
célattigall msuvahed Blyrorieer sore mwp@rmedomes(ey particularly by one
el ectro is a glass-_or a rtgpsaorted sensor

DB MeuIaag AR BNIIG T oy §i0re pastieylaly by one or

r a
B3PRY Bl Bemordfe PRGN Bamicylarivy a mefcagtan layer,
aespauhllygadtadarﬂtmbl salsearrmnderﬂayevrfacsigrthem}ed:t'rcpﬂejand a membrane
ﬁ is attached to the electroge Vi a q chem
JBRACIAYSF 85 @l URASS 13Yel TRFGSEBNAY: ap e 6?“'°de
streptavidi nbiotin coupling, or via hydrophobic,
hydrophilic or ionic forces. 7. The nethod according
t thametbdd abeor@lirag‘ tosany 6f thehaaigis 1+/hevhereint theddectsode is first

el ect nsul ted gne or nore i nsul ating
Turdied 6t & opantting WoSBFe SR ror o i nsul ot i ng
anphi philic organi ¢ conpounds, nore particul arl b
”D p g mp p y Dby

one or nore insulating menbr ane nonol ayer(s), nost
pie mathed agcerding tecaryapt the dlaims 1-8, wherein the ion-containing

solutions contain univalent and bivalent ions selected from Na*, K*, Mg?* and/or

Ca®

The method according to any of the claims 1-9, wherein the total concentration of
the ions in the ion-containing solutions is from about 100 mM to about 1000 mM,
particularly from about 200 mM to about 500 mM, more particularly from about
300 mM to about 500 mM, most particularly about 435 mM.

The method according to claim 9 or 10, wherein the concentration of the univalent

ions in the ion-containing solutions is from about 300 mM to about 400 mM.

The method according to any of the claims 9-11, wherein the concentration of the
bivalent ions in the ion-containing solutions is from about 2 mM to about 10 mM,

particularly from about 5 mM to about 8 mM, more particularly about 5 mM.
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especi ally octadecyl thiol, as an under |ayer facing
the el ectrode and a nenbrane nonol ayer as an upper

wo 200208991 ng away fromthe el ectrode. 8. The PEI/ARH07/000497

13.

14.

15.

16.

17.

18.

19.

20.

according to any of the clainms 1-7, wherein the
electrode is first washed w an ion-containing

washi ng solution. 9. The netfod accordi ng to any of
the clains 1-8, wherein the ion-containing solutions
contai n unival ent and bival ent ions selected from Na+,

Kikhe mho@agp@ndirmmannof thenelaimps Ad®, adwasein the ioa-cemaining

CYRORIENHTE b SR R Euel 4 HEPESTRNGL a0, B M. pH 7.0
109 .oduffer. about 1000 mM particularly from about 200

mM t o about SOOm nor e rtlcul arly from about 300
rmm hedaceoringvio apy of the ¢lains Arl3, whissain thessubstrate of the

Venﬁ? @?‘\Hﬁ’)ﬂ |$%?\°6rﬁbﬂﬂ: é#ho?sl %Pﬂc%leﬂﬁl %gatléﬁ‘ﬁ'i@ro‘?ha 4 R&tionic

ation o he“unival ent

'mhctﬂmttcﬁémd/ogasmltlohloonmmm fricvenpaltivularBO8 pmmarq, s@mrtdary,
000 mMM 12. The net hod accordlaﬂ to an%nof th
9temtlafy oRALSrRADhAME dBAstRAMIeHIaty chakine,iapst ﬁ'i‘°|lfl?m§"3°t'”e N'-

| gt
DRSS, e, b ARl pidfamice
rtMraethyErpmdnmnl mbluyylatabluyla&nmmam délﬁresorquir’rmdr a biogenic amine
ordlnahto an cl ai ns . ein

Sneeh e JotePinepBaS of camifne 5 UBARTIGE Gopepnds like quinine,
pélilﬁlhﬁ’i& éf Jsﬁéré‘dé'ﬁﬁ’@%?ﬂ@sté’r@ne%@ dfdAni€Anior like |9ara amino hippuric

buffer. . The nethod according to any of the clains
1adia, prwbenemd the substrate of the activating solution
is an organic cation, particularly a cationic drug, a
cationic xenobiotic and/or a cationic vitamn, nore

PR hfethéd b¥cardiid tHRaNy ofBeoddinhy 1-14SifHerein tAE electric signal is
guat ernary am ne, m)st particularly chol i ne,

an@awr@ﬁdlsm@amﬂemmeﬁr@c and/or petentiomelde imeang. de,
nmor phi ne, i-methyl -4-phenyl pyridi ni um procai nam de,

The method according to any of the claims 1-15, wherein steps (b) to (d) are
carried out at least 2 times, particularly 2 to 4 times.

The method according to any of the claims 1-16, wherein the method is carried

out in the presence of a chemical compound, particularly an inhibitor of OCT.

A method for determining the activity of a chemical compound, said method
comprising the consecutive steps of:
(a) carrying out the method according to any of the claims 1-17, and

(b) determining the activity of the chemical compound.

The method of claim 18, wherein the method is carried out in the presence and/or

in the absence of the substrate of the activating solution.

A method for identifying a chemical compound that modulates the activity of OCT,

said method comprising the consecutive steps of:
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tetraet hyl ammoni um tri butyl met hyl ammoni um
debri soqui ne or a biogenic am ne |ike epinephrine,

waoeropesteephri ne or carnitine or |ipophilic conpOURE®07/000497

21.

22.

23.

24.

25.

26.

27.

28.

i ke quinine, quinidine or steroids |ike
corticosterone or organic aniqns | i ke para-am no

hi ppuric acid, probenecid. 1@. The nmet hod according to
any of the clainms 1-14, wherein the electric signal is
nmeasur ed using}anperonetric and/ or potentionetric

nt@drearring owhheniethnd aecrdinantg any efithesaimseldiSapnd
. j i ed t at
'} BeotFELE SleFiBalPpbusd] 4%, Fant! 1 s

nmet hod according to any of the clains 1- 16, wherein

the nethod is carried out in the presence of a . )

c hegrimeadhod efpl@m 20, pdiareiauthgrghgnigali GrNpRYRA isgdn erganic cation,

. 0 . Cni i vi foa

Py e SR P, KPR A6Hd 4l Bl oni viamin

clhiogesigtamiaes} mose phrtidutgriycapriynary, sedoridaey, tettiavg or quaternary

according to any of the clains, 1-17, and (D)

o%mtﬂel?rihﬁg'ﬂ'ljctcﬁ POUNDS; PLhaRMC BRIONEheri cal conpound. 19.

The nethod of claim 18, wherein the nethod is carried

out in the presence and/or in the absence of the

sTitss tredbhed of claia 24; whemeinrthesablemicalrcorg@ound iseamohithitor of OCT.

identifying a chem cal conpound that nodul ates the

activity of OCT, said nmethod conprising the

CPRS Bidthbd BcebrRfy & akyAdf G EIXinkg1 glﬁzé%r%(rga)htthecthemical

according to any of the clains 1-1

i aenpodnd isgoresentinenthemicab epoywedndldibtaryThe et hod of
cl ai m 20, wherein the chem cal conmpound is an organic
cation, particularly a cationic drug, a cationic

xR aeh ekl dle@ishysidlogiahl S8ngor\chipas defiRé@deahy oRtAdEdims 1-7
nor e gartl cularly a primary, secondary, tertiary or
&pnary anmine, lipohilic conpounds, orhanic anions.

The sensor chip according to claim 24 further comprising a data acquisition
device for acquiring measurement data from the electrode, and optionally
exchange and/or mixing means for making available exchanging and/or mixing

the ion-containing solutions.

The sensor chip according to claim 24 or 25 in the form of a microplate or

microtiter plate.

An apparatus containing a sensor chip according to claim 24 or 26, a reference
electrode, a data acquisition device for acquiring measurement data from the
electrode, an exchange and/or mixing means for making available exchanging
and/or mixing the ion-containing solutions, a flow analysié device, a power

supply, a computer and an autosampler.

The apparatus of claim 27, wherein the reference electrode is a Pt/Pt, Ag/AgCl or

indium tin oxide electrode.



22. The nethod of claim 20, wherein the chem cal
conpound is an inhibitor of OCT. 23. The nethod

w@ewaengtiony)y to any of the clains 17-22, wherei nPCTEP2007/000497

29.

chem cal conmpound is present in a chem cal conpound
library. 24. A cell free eleébrophysiological sensor
chip as defined in any of thé“lains 1-7 and 15. 25.
The sensor chip according to claim 24 further
conprising a data acquisition device for acquiring
measurenent data fromthe el ectrode, and optionally

e . or m xi ng neans for making avail abl e
é§%ﬂgﬁgﬁﬂ§ﬁgéd/or_nixing the ion-containing solutions.

2@) dbell freesdéctedphysisieGitdl sehsop chipadectding toZiny of theeclaims 24-
formof a mcroplate or mcrotiter plate. 27. An

appatteuan eppesatis @gcardies iy elaimidd ce®rding to claim
(@) e . . o |
Jh 65 She BhRFHEPEL S UG Re Brfiglh 3FerIhe Rfims 013, and
el ecdptivallyan exchange and/ or m xi ng neans for naking
avai | abl e exchangi ng and/ or m xi ng the ion-containing
s©) a pubstratg @Q&lr&ﬁ’dﬂfé@@ dfvi ce, a power supply, a
conputer and an aut osanpler. 28. The apparatus of
claim 27, wherein the reference electrode is a Pt/Pt,
Ag/ AgCl or indiumtin oxide electrode.29. A kit
containing (a) a cell free el ectrophysiol ogical sensor
chip according to any of the clainms 24- 26 or an
apparatus according to claim27 or 28, (b) at |east
one ion-containing solution as defined in any of the
claims 9-13, and optionally (d) a substrate as defined
in claim1l4.



